Maize is an important economic crop grown in Nigeria. Its production is dramatically affect by the pink stem borer-Sesamia calamistis (Hampson, Noctuidae) and sugarcane borer-Eldana saccharina (Walker, Pyralidae) that are endemic in Southeastern Nigeria. In areas of stress, existing genotypes may marginally do well due to their inherent capabilities. Therefore, it is possible to find useful genes in such areas of stress, since such genes have been responsible for the survival of host crops over the years. Evaluation study was conducted for a range of agronomic characteristics and resistance attributes for 209 local maize collections from Southeastern Nigeria along with three improved check varieties. Field trials were conducted at three locations in a total of four environments in 2001. Highly significant genotypic variances as were noted in all the traits, are indicative of the magnitude of variation that exists among the genotypes, thus providing the opportunity of selection for desirable traits. Furthermore, four traits, namely, leaf feeding, ear damage, stalk lodging and yield were used from across the environments to construct a rank summation index (RSI), which was used to rank the entries for resistance to stem borers. This RSI led to the identification of 11 genotypes which represents the best 5% of the 212 genotypes in resistance ability. Genotype AMA TZBR-WC 1 (from International Institute of Tropical Agriculture (IITA), Ibadan) had the best overall resistance levels, followed by genotypes SE NG-77 and SE NG-67 (from Umuahia North), SE NG-62 (from Ikwuano), SE NG-148 (from Ukwa West), SE NG-106 (from Bende), SE NG-119 (from Isiala Ngwa), SE NG-33 (from Ikwuano) and SE NG-65 (from Umuahia North).
Introduction


Maize is a traditional crop generally grown for a variety of food products and consumption in Southeastern Nigeria, but it is not native to the zone, which implies that all the varieties grown were introduced and maintained by the farmers over the years. Southeastern Nigeria is a rain forest zone characterized by a long duration rainfall-April to November, low insolation and high relative humidity with a very high prevalence of disease and insect pressure. Severe biotic challenges, including foliar D DAVID PUBLISHING the genetic constitution of varieties being grown. More often than not, farmers' selections of seeds for the next crop represent a form of mass selection for yield and tolerance to biotic and abiotic stresses [16] [17] [18] [19] [20] . This study aimed to determine the usefulness of maize germplasm grown in Southeastern Nigeria as potential sources of useful genes for maize improvement [20, 21] . The objectives of the study were to evaluate the maize genotypes grown in Southeastern Nigeria for agronomic traits and the response to stem borer damage to select the best performing genotypes for further maize improvement programme.
Materials and Methods
Two hundred and twelve maize genotypes were used in this study. These genotypes comprised of 209 local open-pollinated cultivars and three advanced genotypes from International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. The advanced genotypes were used as checks. Samples of local maize cultivars were collected by students of Michael Okpara University of Agriculture, Umudike, Abia State, who normally reside in maize producing local government areas of Southeastern Nigeria. The collected samples were at least 1 kg per sample from their respective locations. The collection site, site codes and genotype names of the germplasm are explained in Table 1 . The genotypes were numbered according to the locations from where they were collected, and codes were assigned as A to Z and AA to AI for ease of identification. Genotypes 1 to 209 were collected from the various locations in Southeastern Nigeria, while genotypes 210 (TZBR-W-1), 211 (AMA TZBR-WC 1 ) and 212 (TZBR Eld C 2 ), which were at their advanced stages of improvement, were collected from IITA, Ibadan, Nigeria. Genotype 209 from Ikwuano was collected after the serial numbering of the genotypes, thus explaining the gap between the last two genotypes from that location. The highest number of genotypes (65) was collected from Ikwuano, followed by Umuahia North (21), Bende (16) The experiments were laid out in a randomized complete block design (RCBD) with two replications. Trials were planted at Egbema and Ikenne with a row length of 5 m and the interrow spacing of 0.75 m.
In Ibadan, row length was kept as 6.5 m with each row sub divided into two equal halves of 3 m with a space of 0.5 m in the middle. One half of the plot was artificially infested with egg mass of S. calamistis, while the other half constituted the non-infested plot. Interrow spacing was kept same throughout all the trials as 0.75 m. In all the plots, two seeds were planted at an intra-row spacing of 0.25 m. Thinning was done at three weeks after planting (WAP), leaving one plant per stand to give a population density of 53,333 plants/ha.
Fertilizer was applied in two splits in each trial. A basal application with 60 kg of N, 60 kg of P 2 O 5 and 60 kg of K 2 O was given immediately after thinning. The second application was made with 30 kg of N/ha. E = environment; G: genotype; *, ** = significant at P = 0.05 and P = 0.01, respectively; D.f. = degree of freedom; blocks/E = blocks within environments.
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Weeds were controlled with a pre-emergence application of Primextra herbicide (4 L/ha). Further weed control on the plots was done manually by hand hoes at 6 WAP and 9 WAP. At 11 WAP, Gramoxone alone was applied to ensure weed control at crop maturity stage. All genotypes of the infested trial at Ibadan were artificially infested with egg masses of S. calamistis containing about 40 eggs at the black head stage and introduced into the leaf sheath at three weeks after emergence (WAE).
Data Collection
The data was collected at all the three locations for plant stand, days to 50% silking, plant height, plant aspect, ear aspect, husk cover rating, plants at harvest, ears harvested, grain moisture, field weight and grain yield. Data on stem borer damage was collected at Ibadan and Egbema for the artificially and naturally infested trials, respectively for leaf feeding, dead heart, stem tunneling, ear damage, root lodging and stalk lodging.
Statistical Analysis
Analysis of variance (ANOVA) was computed separately for the genotypes in each location and then combined across environments. Subsequently, a restricted maximum likelihood (REML) procedure [22] was used for the agronomic traits and stem borer damage parameters. The statistical model for the combined ANOVA is given as Eq. (1): Data which were obtained as percentages were transformed with the square root transformation procedure as described by Obi [23] before performing the ANOVA. The environments and genotypes were considered randomly in determining the expected mean squares for the analysis.
Estimation of Genetic Variance Components
Using the expected mean squares for ANOVA, the variance components were calculated as the method suggested by Hallauer and Miranda [24] , while broad sense heritability estimates were obtained as the proportion of the total variation (phenotypic) that is due to genetic effect and calculated as Eq. (2) 
where, BSH (h A rank summation index (RSI) method [25] was then used to rank the genotypes for their overall performance with respect to damage caused by borers and agronomic characteristics across all environments. To obtain the RSI, genotypes were first ranked for each parameter (in this case, 1 = best and 212 = poorest) and parameter ranks were summed to generate overall performance of each genotype. Thus, the lower the value of RSI of any genotype is, the greater is its resistance and the better is its agronomic performance.
Results and Discussion
Highly significant (P = 0.01) differences were obtained in almost all cases for all the traits for both environments and genotypes. Furthermore, genotype-by-environment (G  E) interaction effects were significant for all traits, except for plant stand, leaf feeding and plant and ear heights (Tables 2 and 3) . Genotypic variance estimates for the traits were generally less than the environmental variances except for plant and ear aspects (Table 4) . Generally, genotypes E: environment; G: genotype; blocks/E = blocks within environments; *, ** = significant at P = 0.05 and P = 0.01, respectively. Table 4 Variance components and heritability (broad sense) estimates of some agronomic and stem borer damage parameters of the 212 maize genotypes. by environment variance (G  E) estimates were the lowest and negligible in some cases, but the estimates were relatively high for stalk lodging and grain moisture percent with values of 1.47 and 5.79, respectively. Broad sense heritability estimates for plant and ear aspects were high with values > 60% in each case, while days to 50% silking and ear damage rating had moderate 35% to 59% estimates. Heritability estimates for other traits were low with values less than 25%.
Source of variation σ
Overall means for agronomic and borer damage characteristics of the genotypes evaluated in different environments (Table 5) show that in general, the proportion of plants per plot that suffered dead heart was low (2.0%). Leaf feeding rating was also low with an average value of 3.0 and a range of 2-4, while average ear damage obtained for the genotypes ranged between 2.4 and 4.8 with average of 4.2. These show that some of the genotypes, which have low levels of borer damage ratings across the different environment, contain factors responsible for resisting borer attacks. On the average, genotypes attained 50% silking in 63 d with a range of 55-74 d, indicating that the maize genotypes grown in Southeastern Nigeria are mainly late maturing. Average height of the genotypes was 202.3 cm, ranging from 146.2 cm to 253.9 cm. Range of plant aspect rating was 2.5 to 6.5, resulting in a moderate average rating of 4.8. Percentage of plants which lodged at the root (root lodging) was low (1.9%), showing that many genotypes posses the ability CV: coefficient of variability; LSD (0.05) = least significant difference at 5% probability level. (Table 6) for stem borer resistance, using ear damage rating, stalk lodging, leaf feeding and grain yield to evaluate the major characteristics necessary for the optimum performance of any acceptable variety in the rainforest agro-ecology of Southeastern Nigeria, showed that genotype AMA TZBR-WC 1 (from IITA, Ibadan) had the best overall resistance levels with an RSI value of 91, followed by genotypes SE NG-77 and SE NG-67 (from Umuahia North), SE NG-62 (from Ikwuano), SE NG-148 (from Ukwa West), SE NG-106 (from Bende), SE NG-119 (from Isiala Ngwa), SE NG-33 (from Ikwuano) and SE NG-65 (from Umuahia North). In that order, genotype SE NG-32 (from Ikwuano) was the worst with an RSI value of 1441.
Conclusions
Highly significant genotypic variances and the coefficient of variation values as were noted in all the traits are indicative of the magnitude of variation that exists among the genotypes, thus providing the opportunity of selection for desirable traits. The G  E interactions obtained in this study indicate that certain genotypes performed comparatively better in some specific environments, thus suggesting the specific adaptive nature of the local genotypes evaluated. Ranking of the genotypes leads to the identification of 11 genotypes, representing top 5% of the total in resistance ability. Genotype AMA TZBR-WC 1 (from IITA, Ibadan) had the best overall resistance levels, followed by genotypes SE NG-77 and SE NG-67 (from Umuahia North), SE NG-62 (from Ikwuano), SE NG-148 (from Ukwa West), SE NG-106 (from Bende), SE NG-119 (from Isiala Ngwa), SE NG-33 (from Ikwuano) and SE NG-65 (from Umuahia North).
Consequently, developing maize genotypes for the Southeastern region of Nigeria will get necessary benefit from two aspects: (1) improve the locally adapted varieties according to the desirable traits and (2) generate a broadly and widely adapted population, from which experimental varieties can be produced and possibly used in any other environment.
